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Abstract 
The increasing popularity and use of Open Source Software has led to significant interest from research 
communities and enterprise practitioners, notably in the small business sector where this type of software offers 
particular benefits given the financial and human capital constraints faced. However, there has been little focus 
on developing valid frameworks that enable critical evaluation and common understanding of factors 
influencing Open Source Software adoption. This paper seeks to address this shortcoming by presenting a 
theory-grounded framework for exploring these factors and explaining their influence on Open Source Software 
adoption, with the context of study being small to medium sized Information Technology businesses in the UK. 
The framework has implications for this type of business – and, we will suggest, more widely – as a frame of 
reference for understanding, and as tool for evaluating benefits and challenges in, Open Source Software 
adoption. It also offers researchers a structured way of investigating adoption issues and a base from which to 
develop models of Open Source Software adoption. The study reported in this paper used the Decomposed 
Theory of Planned Behaviour as a basis for the research propositions, with the aim of: (i) developing a 
framework of empirical factors that influence Open Source Software adoption; and (ii) appraising it through 
case study evaluation with 10 UK Small to Medium Sized Enterprises in the Information Technology sector. 
The demonstration of the capabilities of the framework suggests that it is able to provide a reliable explanation 
of the complex and subjective factors that influence attitudes, subjective norms and control over the use of Open 
Source Software. The paper further argues that the Decomposed Theory of Planned Behaviour proved useful in 
this research area and that it can provide a variety of situation-specific insights related to factors that influence 
the adoption of Open Source Software.  
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Introduction 
Open Source Software (OSS) is increasingly popular and widely used across different types and sizes of 
enterprise. Briefly, OSS is software where the license model grants individuals, groups, and organizations 
extensive rights to use, modify, and redistribute the binary and source-code of the original and modified/derived 
works, without requiring license royalty-fees (OSD version 1.9; Fitzgerald 2004; Wheeler 2007). The 
availability and openness of OSS source-code enables communities of users, developers, sponsors, and scholars 
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to independently develop, re-design, and validate OSS, improving its functionality, value and quality and 
making it freely available to others. In contrast, proprietary and closed-source software – including variations 
such as 'evaluation/trial software', 'shareware', and 'freeware' – can be described as software that is available 
only in its binary form (i.e., not in a form that can be easily modified), that generally requires the payment of 
license fees by enterprises/users, and that legally restricts user rights and vendor liabilities (Dedrick and West 
2004; Larsen et al. 2004; Mindel et al. 2007).  
The growth in adoption, and rise in use, of OSS is made clear in a range of recent reports. For example, a 
periodic survey published by Netcraft (2010) reports that the use of Apache (a popular OSS web server) grew by 
47.26% over the last four years, up from 53,287,298 in March 2006 to 112,747,166 in March 2010. The Eclipse 
Foundation (2009) also published a survey suggesting that the proportion of computers running Linux (an open 
source desktop/workstation operating system) grew from 20% to 27% between 2007 and 2009. The same survey 
also reported that Linux’s use as server/deployment environment grew from 37% to 43% in the same period. A 
regional survey of top smart-phone platforms suggests that the Google-developed Android OSS platform has 
seen the proportion of phones running it as the core system rising 5.2% in just four months; up from 3.8% in 
November 2009 to 9% in February 2010 (comScore MobiLens Service 2010). These examples highlight the 
rapidly expanding adoption of OSS and illustrate the diverse areas in which OSS is now used. Studies report 
OSS also being used in the public sector (Valimaki et al. 2005), healthcare (Fitzgerald and Kenny 2003), large 
enterprises (Dedrick and West 2004; Overby et al. 2006) and developing economies (Kshetri 2004; Mindel et al. 
2007).  
The potential spread of OSS into ever more application areas makes it important for businesses and researchers 
to understand the factors influencing decisions about its use, and its adoption in particular settings. However, 
research into OSS adoption is still in its infancy (Dedrick and West 2003; Fitzgerald and Kenny 2003; Holck et 
al. 2005; Larsen et al. 2004), and there has been little research focused on the development of valid frameworks 
that help us to understand and evaluate issues influencing adoption. Though such frameworks of OSS adoption 
would be useful to all businesses, there are contexts where decision-making related to OSS adoption is likely to 
be more critical. One such context, which forms the focus of this paper, is that of Small to Medium Sized 
Enterprises (SMEs), which have significant financial and human capital constraints that affect decision-making 
around software adoption in ways not generally encountered by larger enterprises (Gelinas and Bigras 2004), 
which are likely to have both greater financial resources and greater in-house expertise in relation to Information 
and Communications Technologies (ICTs). Studying adoption in the more constrained SME context is by its 
nature, we suggest, more likely to give insights into a greater number of factors that influence adoption – and 
that these insights may be used to inform a better understanding of OSS adoption in general. This leads to the 
broad question behind the research reported in this paper: what factors influence the adoption of OSS in SMEs 
and why?  
In response, this paper presents a theory-grounded framework for exploring and explaining factors that influence 
the adoption of OSS within SMEs. The empirical framework that emerges is likely to be useful to IS researchers 
seeking to undertake a comparative analysis of factors influencing general OSS adoption, developing a similar 
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framework of ICT adoption, or developing reliable measures of factors influencing the adoption of OSS in 
enterprises. From a practice perspective, the framework provides an empirical frame of reference of issues 
influencing SMEs' adoption of OSS which may be applied as a valid underlying framework for the strategic 
adoption of OSS in the enterprise.  
The remainder of this paper is divided into six sections. In the next section, relevant literature will be analysed 
to show that there is a lack of valid factors and theories in the area and to set out the implications for exploring 
and understanding the adoption of OSS. This leads to our proposed approach to developing a theory-grounded 
framework, followed by the selection of the Decomposed Theory of Planned Behaviour (DTPB) as the most 
suitable adoption theory for this study. The paper then presents the operationalisation of the DTPB, where we 
justify and define the roles of its constructs for exploring and understanding SMEs' adoption of OSS. The 
subsequent section will present the design of a case-based research study, which applied the research framework 
as a tool for the empirical observation and analysis of data on the adoption of OSS across 10 UK SMEs in the 
Information Technology sector. The paper then presents the outcomes of case sampling and data analysis, 
showing that the empirical factors were developed from rich and diverse sources of evidence. This leads to a 
discussion of the empirical findings with respect to the application of the research framework for conclusion 
drawing. Through this, we will also demonstrate the exploratory and explanatory capabilities of the empirical 
framework as a theory of OSS adoption. The implications of the findings will be discussed from research and 
practice perspectives, before reflecting on the limitations of the framework and suggesting future research. The 
final section will present concluding remarks about the research presented in this paper.  
Framing OSS Adoption in Theory 
Existing literature suggests that the factors influencing OSS adoption are complex and subjective (Dedrick and 
West 2003; Fitzgerald 2004; Forrester Consulting 2007; Giera 2004) and that there is a lack of valid and 
generalisable frameworks that help researchers and practitioners to better understand and model OSS adoption. 
One reason may well be the relative newness of the area, noted by authors such as Fitzgerald and Kenny (2003), 
Holck et al. (2005) and Larsen et al. (2004). In line with early research on general ICT adoption, studies of OSS 
have used semantic contexts of technology, organisation and environment to discuss the factors influencing 
adoption. Although such contexts enable semantic analysis of ICT adoption (Kuan and Chau 2001; Overby et al. 
2006), the use of reliable and widely-accepted theories with established construct validity, generalisability and 
better exploratory and explanatory capabilities (Miles and Huberman 1994; Yin 2003) is likely to be more 
suitable for developing a theoretically-valid and -reliable conceptual model and an empirical framework of OSS 
adoption. Thus, we suggest that it is worth looking at whether existing theories of general ICT adoption can be 
applied to provide an underlying theoretical framework for exploring, explaining and achieving a common 
understanding of factors that influence the adoption of OSS. 
The relative paucity of existing research and related frameworks of OSS adoption leads to a currently limited 
understanding of the factors that play a part in adoption (Holck et al. 2005; Larsen et al. 2004; Overby et al. 
2006). This creates difficulties in conducting a critical, comparative analysis to better understand and validate 
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empirical findings; in this study, we sought to augment the limited understanding of OSS adoption with 
knowledge of similar factors from literature in other areas of ICT adoption. An aim of this approach was to 
develop valid definitions of existing and emerging adoption factors which could subsequently be applied in the 
development of reliable measures of factors influencing the adoption of OSS.  
The arguments made so far provide justification for using a theory-grounded approach to explore adoption 
factors, frame valid explanations of them and develop a framework that can provide a better understanding of 
the factors and their influence on OSS adoption. However, the diversity of existing ICT adoption models and 
theories – such as the Theory of Reasoned Action (TRA) (Albarracin et al. 2001; Fishbein and Ajzen 1975), the 
Theory of Planned Behaviour ('pure' TPB) (Ajzen 1985; Ajzen 1991), the Technology Acceptance Model 
(TAM) (Davis 1989; Venkatesh and Davis 2000) and the Decomposed Theory of Planned Behaviour (DTPB) 
(Liker and Sindi 1997; Shih and Fang 2004; Taylor and Todd 1995a) – made it important to identify the theory 
that was likely to be most suitable for this research study. The evaluation of models and theories conducted as 
part of the study led to the choice of the DTPB for two major reasons. First, the DTPB has three belief 
components (attitude, subjective norms, and perceived behavioural control) which are applicable to a wide 
variety of complex and subjective factors associated with ICT adoption (Benbasat and Zmud 1999; Taylor and 
Todd 1995a,b), and therefore relevant for exploring and developing valid explanations of diverse factors 
influencing the adoption of OSS. Second, the belief components within the DTPB are decomposed into their 
belief structures, which provides greater scope for identifying complex factors than that offered by other 
theories and models such as the TRA and the traditional TPB, which have monolithic belief components (Taylor 
and Todd 1995b; Venkatesh et al. 2003). The two reasons for choosing DTPB outlined above also reflect the 
important exploratory and explanatory capability of the DTPB – capabilities that allow us to achieve high 
construct validity (Shih and Fang 2004; Taylor and Todd 1995a) in our analysis of factors affecting OSS 
adoption. 
Understanding OSS Adoption Using the DTPB 
Having discussed the reasons behind this study’s use of the DTPB, this section demonstrates its 
operationalisation within the context of OSS adoption in SMEs, leading to the research conceptual framework. 
The generic constructs of the DTPB and their nomological networks have been extensively discussed in the 
literature (see, for example, Ajzen 1991; Fishbein and Ajzen 1975; Liker and Sindi 1997; Shih and Fang 2004; 
Taylor and Todd 1995a,b). The belief structures within the DTPB provide structures within which factors 
influencing adoption may be identified. Accordingly, we focused primarily on the eight belief structures of the 
DTPB and their individual roles in enabling the identification and definition of empirical factors and 
explanations of their influence. The belief structures are: (1) relative advantage, (2) complexity and (3) 
compatibility (attitudinal belief structures); (4) peer influences and (5) superior influences (normative belief 
structures); and (6) self-efficacy, (7) resource facilitating conditions and (8) technology facilitating conditions 
(perceived behavioural control structures). These structures, and their value in identifying factors relevant to the 
adoption and use of OSS, will now be discussed in turn. A position drawn from analysis of relevant literature 
will be presented in relation to whether each construct was likely to have a positive or negative influence on 
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OSS adoption in SMEs. This helped inform the conceptual framework’s development prior to the case study 
work.  
Attitudinal Belief Structures 
The attitudinal belief structures – relative advantage, complexity and compatibility – are used to identify and 
explain respondents’ perceptions of whether the use of OSS is favourable or unfavourable in the SME (Ajzen 
1991; Davis 1989; Fishbein and Ajzen 1975). 
The first construct, relative advantage, identifies and explains the degree to which using OSS is perceived to 
provide benefits which supersede those of its precursor (Benbasat and Moore 1992; Rogers 1995; Taylor and 
Todd 1995a). Such perceptions are related to economic benefits (see, for example, cost saving in Fitzgerald 
2004; Giera 2004), convenience benefits (see, for example, trialability in Dedrick and West 2004; Rogers 1983), 
satisfaction benefits (see, for example, quality characteristics in Fitzgerald 2004; Overby et al. 2006), and image 
enhancements and performance (Taylor and Todd 1995a,b; Venkatesh et al. 2003). The nature of these features, 
the role of relative advantage and its influence on the ‘attitude’ construct, suggest that relative advantage factors 
will have a positive influence on attitude towards the use of an OSS. This also sets the scope of using relative 
advantage to explore benefits, drivers and innovation-related motivations for the use of an OSS. 
Complexity is the second construct; it identifies and explains the degree to which an OSS is perceived to be 
difficult to understand, learn or use (Rogers 1995; Taylor and Todd 1995a). Such perceptions of difficulty 
appear to be associated with issues such as ‘lack of support’, as reported in, for example, Giera (2004), and 
Wang and Wang (2001). The nature of these features of complexity, the role of complexity and its influence on 
the ‘attitude’ construct, suggest that complexity factors will have a negative influence on attitude towards the 
use of an OSS. The 'complexity' construct may be used in an exploratory way and is suitable for exploring 
innovation-related risks and challenges in using an OSS. 
The third construct is compatibility, which identifies and explains the extent to which an OSS is perceived to fit 
with the adopter’s existing values and software policies, previous experiences and relevant skills, or current IT 
needs (Benbasat and Moore 1992; Rogers 1995; Taylor and Todd 1995a,b)). An example is of perceptions 
related to functionality (Fitzgerald and Kenny 2003; Forrester Consulting 2007; Overby et al. 2006), which was 
identified to fit with the feature of ‘current IT needs' and can be argued to fit with ‘existing values’. The 
relevance of the features of compatibility, and its role and influence on adopter-attitude suggests that 
compatibility factors will have a positive influence on attitude towards their use of OSS.  
Normative Belief Structures 
The normative beliefs structures (or subjective norms) – peer influences and superior influences – are used to 
identify and explain the influence of different referent groups on perceptions of whether the use of OSS is good 
or bad in the SME (Ajzen 1991; Fishbein and Ajzen 1975).  
The fourth construct, peer influences, is concerned with the perception that peers, such as friends, families, and 
colleagues or other external actors, influence the normative beliefs of decision makers associated with whether 
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using an OSS is good or bad (Ajzen 1991; Taylor and Todd 1995). An example is the influence exerted by 
family members in the case of a family-owned SME (Houghton et al. 2001). The different members of a 
referent group, their subjective influence and the role of 'peer influences' as a construct, suggest that peer 
influence factors will have a subjective influence on the normative beliefs of decision makers about the use of an 
OSS. 
The fifth construct, superior influences, relates to perceptions formed as a result of information from secondary 
sources, such as the Internet, TV and printed media. The suggestion is that such information can influence the 
normative beliefs of decision makers associated with OSS use (Ajzen 1991; Fishbein and Ajzen 1975; Taylor 
and Todd 1995). The information sources associated with ‘superior influence’ is analogous to the influence of 
the ‘communication channel’ discussed in Rogers’ (1995) innovation diffusion theory (IDT), seeing, for 
example, the role of the Internet as a key information and communication infrastructure supporting the spread of 
OSS products and support services. The diverse sources of information and range of communication channels, 
and the role of such ‘superior influences’, suggest that the factors associated with them will have a subjective 
influence on normative beliefs held by decision makers about the use of an OSS, and that it should be possible to 
identify such secondary information sources.  
Perceived Behavioural Control Belief Structures 
The 'control' belief structures, of which there are three, allow the identification and explanation of perceptions of 
control over the personal/internal or external factors that may facilitate or constrain the use of OSS by a SME 
(Ajzen 1991; Taylor and Todd 1995). The roles of these last three constructs in exploring factors of control over 
the use of OSS will now be discussed. 
Self-efficacy, the sixth construct, identifies and explains the personal/internal ability or confidence that an 
individual has to use an OSS successfully (Taylor and Todd 1995b). Factors identified in the literature that fit 
with this construct include OSS innovativeness (Dedrick and West 2003). The features of self-efficacy and its 
role in the control over usage suggest that self-efficacy enabling factors will have a positive influence on an 
individual’s perceived control over the use of an OSS system.  
Resource facilitating conditions, the seventh construct, identifies and explains the relevance of supporting 
resources, such as time and money, that may facilitate or constrain the use of OSS (Taylor and Todd 1995b). 
This construct fits with factors such as IT capital investment, which has been reported as an essential resource 
for the development of SMEs' IT capacity and capability (Kwan and West 2005; Mannaert and Ven 2005). The 
lack of such resources may inhibit the use of OSS suggesting that the resource facilitating condition construct is 
relevant for exploring associated factors and that having relevant resource facilitating conditions will have a 
positive influence, while a lack of them will have a negative influence on control over the use of OSS.  
The final construct in the framework relates to technology facilitating conditions, used to identify and explain 
technology compatibility issues that may facilitate or constrain the use of an OSS system (Taylor and Todd 
1995b). Some researchers have suggested that access to relevant ‘IT infrastructure’, such as computers, network 
hardware, and Internet connection, are important technology compatibility issues in the adoption of OSS 
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(Mehrtens et al. 2001). As another essential condition, a lack of technology facilitating conditions may inhibit 
the use of OSS in the organisation. Thus, exploring technology facilitating conditions is relevant to this study, 
since it seems that having relevant technology facilitating conditions will have a positive influence, while a lack 
of them will have a negative influence, on control over the use of OSS.  
Method and Case Sample 
In this study, we applied empirical research paradigms that fit with the research question, the need to identify 
factors and understand their influence, and the aim to develop a theory from that understanding. This led to our 
unit of analysis, factors influencing the adoption of OSS, and to us taking an interpretivist epistemological 
stance owing to the view that factors influencing the adoption of OSS are likely to be complex and subjective 
across different SMEs. With this subjectivist view, we sought to observe, understand factors and to explain their 
influence on the adoption of OSS, leading us to a qualitative research mode (Eisenhardt 1989; Miles and 
Huberman 1994). Owing to various issues, including the contemporary nature and the relative newness of this 
research area, and the need to generalise empirical findings to a theory about the adoption of OSS, we chose to 
apply a case study strategy (Miles and Huberman 1994; Yin 2003) to explore the use of OSS across multiple 
SMEs.  
Data analysis using this strategy was implemented in two key stages (as illustrated in Figure 1): within-case, to 
the identify and categorize factors from individual study cases (Gable 1994; Yin 1994); and cross-case, to 
collate similar factors, triangulate their associated evidence, and develop definitions of factors rich in features 
and high in content validity (Eisenhardt 1989; Mayring 2007). Figure 1 also shows the different roles of the 
theoretical framework as an analysis tool (Eisenhardt 1989; Patton 1999; Yin 1994): the framework was used to 
identify initial theoretical categories; applied in conducting credibility checks during data interpretation, 
dependability checks in data categorisation, and consistency checks when defining factors; and applied in the 
interpretation of within-case results and cross-case results. The use of a theoretical framework was part of the 
design approach implemented to ensure the structured, methodological design of data collection, analysis, and 
reporting. 
The data collection included demographic information from the participating organisations' web-sites and in-
depth interviews about issues influencing the decisions to use OSS. We developed open- and close-ended 
interview questions based on the previously discussed theoretical framework (Eisenhardt 1989; Hoepfl 1997; 
Miles and Huberman 1994). For example, we asked questions related to attitudes towards the use of OSS, 
including the relative advantage and benefits of use, the areas of use, the external actors playing a part in 
decisions to use, and the skills and resources supporting use of OSS. Per-case transcripts were developed from 
the audio-recordings of the interview sessions. The interview data provided rich, comparative information on the 
SME contexts and issues influencing the decisions related to OSS use in the participating organisations. 
Most of the interview participants were managers and senior staff in the SMEs studies. Individuals in such 
positions are seen as change agents and decision makers (Martin 2005; Taylor and Murphy 2004), and they have 
the authority to provide insights on the use of OSS in their organisation, as well as being able to identify other 
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sources of information. All 10 case organisations (C01-C10; where C07 was a maximum-variation sample and a 
non-adopter of OSS) were IT SMEs in the UK, and this common sampling criteria provided scope for 
comparison and triangulation in the multiple-case data analysis. The diversity of the sampled cases allowed us 
to observe complexity and subjectivity in the factors influencing the adoption of OSS across the different 
organisations. For example, the organisations used different OSS that fitted with their business needs and 
specialties. The OSS consultants (C01, C03, C06, and C08), software developers (C04, C07, C09, and C10), and 
embedded system developers (C02 and C05) used diverse OSS including workstations (Debian, Ubuntu, and 
Suse), servers (Apache, LAMP stack, and Tomcat), databases (PostgreSQL, MySQL), email and browser 
applications (Thunderbird, Firefox, and Kmail), and other office and systems applications (Easy-CMS, 
IPTables, OpenOffice, OpenSSL, OpenVPN, and PhP). 
 
 
Figure 1. Data Analysis Model 
Data Analysis 
The within-case and cross-case analysis of data led to the identification and theorisation of 16 factors 
influencing the SMEs in this study. The factors identified (across the eight theoretical constructs of the 
framework) include license cost-saving (relative advantage), lack of drivers (complexity), functionality 
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(compatibility), support community (peer influences), web media (superior influences), innovativeness (self-
efficacy), capital investment (resource facilitating conditions), and Internet infrastructure (technology 
facilitating conditions).  
These factors, their analytical features, and associated theoretical constructs are summarized in Table 1. The 
theorisation and validation of these factors was based on the triangulation of evidence (Mayring 2007; Miles and 
Huberman 1994; Sandelowski 2003) from at least four cases, as illustrated in the frequency of triangulation 
(Table 2) and a comparative chart in the relative triangulation of the factors (Figure 2). For example, the 
theorisation of 'license cost-saving' was supported by the triangulation of evidence from cases C01, C02, C04, 
C05, C06, and C08 (see illustration in Tables 1, 2 and 3); reliability, from cases C01, C03, C06, and C08; and 
hardware compatibility, from cases C04, C06, C08, and C09. Table 3 shows that features of the factor 'license 
cost-saving' were identified in the evidence from representative cases and collated in the emergent description of 
the factor. This process of theory-building is known to enhance the development of reliable factors (Eisenhardt 
1989; Gable 1994) that are rich in features, from the triangulation of evidence from multiple sources. 
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Table 1. Summary of the Analysis of Influencing Factors 
Factors Contexts Features Constructs Related Cases 
License cost-
saving 
Public licensing Economic benefit Relative advantage C01 and C05 
Royalty-free licenses C01, C02, C04, C06, and C08 
Scalable licensing C02 and C04 
Lack of drivers Inaccessible software specifications Difficult to use Complexity C01, C02, C03, and C09 
Poor support from hardware 
manufacturers 
C01, C06, C08, and C09 
Functionality Embedded systems existing values and 
current IT needs 
Compatibility C05 and C09 
Office information processing C01, C02, C03, C04, C05, C09, 
and C10 
Software development C04 and C05 
Support 
community 
developer-developer Peer relationships Peer influences C01 and C05 
user-developer C01, C04, C05, and C06, 
user-user C0,1 C05, and C09 
vendors distribute OSS C01 and C04 
Web media Distribution medium Information and 
communication 
channels 
Superior influences C03, C05, and C09 
Forums and mailing-lists C03, C05, C09, and C10 
Innovativeness Creativeness Confidence Self-efficacy C02, C06, and C09 
Freedom of choice C02 and C05 
Open mindedness C02, C05, C06, and C09 
Capital 
investment 
External support Money and time Resource facilitating 
conditions 
C01 and C05 
Staff training C03, C08, and C09 
Internet 
infrastructure 
Internet connectivity Technology 
compatibility 
Technology 
facilitating conditions 
C03, C05, C09, and C10 
Network bandwidth C03 
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Table 2. Frequency of the Triangulation of Factors 
Factors 
Frequency of Triangulation 
Cumulative Sources Context-1 Context-2 Context-3 Context-4 
License cost-saving 6 2 5 2 NA 
Lack of drivers 6 4 4 NA NA 
Functionality 7 2 7 2 NA 
Support community 5 2 4 3 2 
Web media 5 3 5 NA NA 
Innovativeness 4 3 2 4 NA 
Capital investment 5 2 3 NA NA 
Internet infrastructure 4 4 1 NA NA 
 
 
Table 3. Triangulation of Evidence of License Cost-Saving 
Description The economic benefits of using open source including public licensing, royalty-free licenses, and scalable licensing. 
Features Public licensing (C01, C05); Royalty-free licenses (C01,C02, C04, C06, C08); Scalable licensing (C02, C04) 
Data 
Extracts 
If I need a program to do something, I can just do a quick search, download it, and install it [in] a matter of seconds... I don't 
have to worry about licenses[, open source are] free for those who are prepared to make the effort to understand it to use it 
properly... I think the license is obviously an advantage. No licensing cost – C01, 2007-10-25. 
Licensing cost are a big issue, depending on the open source software you are talking about... There's definitely a cost 
advantage [and] that generally occurs when [you] need to deploy [multiple copies] of a piece of software[, but the costs] of 
the closed-source competition aren't really good for that particular application – C02, 2007-11-19`. 
[There is a] huge benefit from a licensing point of view [but] probably not as big as most people would think... I am not 
having to pay for licenses for each and every test server that I am setting up – C04, 2007-11-13. 
I've never paid for Linux... its free. That's a distinction feature... Having registered with Ubuntu for the desktop [using] 
Debian, [it just happens and] a little icon comes up when there is a new upgrade. [This] happens with Windows as well. But 
with Windows, you have to have paid MS first[, and] proprietary operating systems [are] very private, and sequestered, and 
exclusive, and you have to pay for access – C05, 2007-11-14. 
[I]t beats me why people pay for commercial web engines when eighty percent of the Internet is driven by Apache... [T]his 
is a benefit that I can pass onto customers – C06, 2007-11-21. 
I think the main advantage is partly[, ] its cost and flexibility. But its also the ability to bring more value to a project... 
[W]ith any commercial off-the-shelf software, if the software doesn't do what the projects needs it to do, then I need to buy 
some other software, or work around the problem – C08, 2007-11-13. 
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Figure 2. Relative Triangulation of the Factors 
Findings 
The factors identified as a result of the data analysis help in framing answers to the research question set-out 
earlier in this paper. We present the factors in an empirical framework of OSS adoption in SMEs – see Figure 3. 
The framework shows the factors associated with each belief structure from the DTPB. The belief structures 
enabled valid identification and categorisation of the factors and their nomological interrelationships. The belief 
components, the intention, and the behaviour constructs allowed us to explain the influence of the factors on the 
adoption of OSS. The exploratory and explanatory capability of the framework will now be demonstrated to 
show that it provides a valid explanation of the factors and their influence on the adoption of OSS. In doing so, 
the illustrative factors from each of the eight belief structures in Figure 3 will be explained. No particular 
method was applied in the selection of the factors used for this illustration and other factors associated with the 
same theoretical construct can be explained in a similar way, taking into consideration the association of the 
factors with the features of the belief structures. 
License Cost-Saving 
The first illustrative factor in Figure 3 is license cost-saving, defined as the degree of economic benefit gained 
from using OSS, including public licensing, royalty-free licenses, and scalable licensing. These three features of 
license cost-saving were observed in different contexts. The features highlight the economic attractiveness to 
decision makers in the SMEs of using OSS, and this can be most significant for multiple and large scale 
installations. For instance, one manager noted: “there's definitely a cost advantage [and] that generally occurs 
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when [you] need to deploy [many] copies of a piece of software [, and] the pricing structure of the closed-
source competition aren't really good for that particular application” (C02, 2007-11-19). The features of public 
licensing and royalty-free licensing make 'innovativeness' more affordable in lowering the costs of creativity, 
giving all innovators equal opportunity and freedom to use OSS and source-code, and the choice of supporting 
technologies.  
The license cost-saving from using OSS may be a characteristic economic benefit, consistent with criteria of the 
OSS license model (OSD version 1.9) including royalty-free and unlimited distribution of OSS binaries and 
source code. We share the view that license cost-saving is seen as a motivating factor and an economic benefit 
in the use of OSS (Holck et al. 2004; Larsen et al. 2004; Valimaki et al. 2005). Such economic benefits are 
likely to be of value to small businesses looking to leverage their limited IT budgets and scarce resources in the 
adoption of ICT (Darch and Lucas 2002; Martin and Matlay 2003). While there can be other cost issues owing 
to the complexity of open source products and related services (Giera 2004; Larsen et al. 2004), we believe that 
license cost-saving is a valuable economic benefit for resource-constrained IT adopters. 
Lack of Drivers 
The second illustrative factor from Figure 3 is 'lack of drivers', a complexity factor operationalised as a 
difficulty in using OSS owing to a lack of software specifications and hardware-support from manufacturers. In 
this context, one manager noted that “a lot of the manufacturers won't release specifications to the OSS 
community to write proper drivers. So a lot of it had to be reverse engineered” (C01, 2007-10-25). However, 
this issue might be most related to desktop platforms: “[lack of drivers has been] a big issue on the desktop [...] 
the fact that the major PC hardware suppliers, AMD and Intel [having] very good relationship with [the] Open 
Source community for a long time helps things a lot” (C10, 2007-11-26). Because this factor can inhibit 
functionality in using OSS under unsupported hardware, it highlights the importance of participation and 
collaboration in OSS communities to address gaps not filled by the original hardware manufacturers, and 
therefore signifies the importance and significant contribution made by the user and developer communities.  
There appears to be little discussion of the lack of hardware driver support under OSS platforms. However, 
studies do suggest that support for OSS adoption is important (Dedrick and West 2004; Fitzgerald and Kenny 
2003; Giera 2004; Wang and Wang 2001), and support for hardware drivers can be seen as a related issue in this 
context. Managers and other practitioners in SMEs may need to consider the availability of support for hardware 
drivers for their existing and future hardware relevant to their adoption of OSS.  
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Figure 3. A Framework of Open Source Software Adoption in SMEs 
Functionality 
Functionality, the third illustrative factor in Figure 3, was operationalised as the compatibility of OSS with 
adopters' IT needs, including office information processing, software development, and embedded systems. 
These forms of the factor were seen as important IT needs of the participants and therefore make functionality a 
compatibility factor. For instance, one manager noted that, “for most offices, for most functions, you need to 
browse the web, read emails, and create documents and spreadsheets, if you like. So, between Firefox, 
Thunderbird and OpenOffice, all of which run on MS, as well as Linux, you can port your organisation onto 
those three fairly painlessly over time” (C01, 2007-10-25). This observation is consistent with the view that 
OSS provides a flexible software development base, and also fits with general office information system needs 
(Fitzgerald 2004; Glynn et al. 2005). The diverse areas of functionality offered makes OSS a versatile facilitator 
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of innovation, providing individuals, groups, and organisations with diverse information technology and 
business tools to support their innovation. The flexibility of extending the functionality of OSS allows 
innovators to have an open mind about the techniques and tools available to them. 
However, we found that an individual’s perceptions of functionality associated with software can be subjective, 
affected by the quality of its user-interface: “occasionally, for [desktop] software, sometimes the interfacing 
isn't as good in Open Source. But, for majority of our uses, that's not really an issue” (C02, 2007-11-19). Given 
the range of OSS application types, the quality of user-interface is likely to be mainly relevant for end-user 
applications on desktop platforms, helping to explain why the quality of OSS functionality may be perceived as 
being variable across desktop, server, and embedded platforms. 
As illustrated in Figure 3, the factors associated with these attitudinal belief structures lead to attitudes about the 
use of OSS that influence the intention to use or not to use OSS. Both flexible support (a relative advantage) and 
functionality (a compatibility factor) have a positive influence on attitude towards use. Conversely, lack of 
hardware drivers, as a complexity factor, has a negative influence on attitudes towards use.  
Support Community 
The next belief component in Figure 3 is subjective norms, encompassing the fourth factor of ‘support 
community’, identified in the forms of open participation and shared support. These forms encompass the role 
of peers within the OSS communities, who can influence other people with respect to OSS use. In this context, 
one manager stated that, “you need to be able to connect to a community of like-minded users who will help you 
out when you get stuck [...] I am saying that intellectual curiosity and caring about what goes on behind the 
system are a characteristics of open source people” (C05, 2007-11-14). Thus, we can operationalise support 
community as peer influences in OSS communities that promote open participation and shared support.  
This factor has a positive influence on the normative beliefs of decision makers related to the use of OSS, 
positively contributing to intention to use. The OSS support community is global, diverse and dynamic, and 
there continues to be 'investment' of human and capital resources that allows communities to develop, grow and 
support their users, developers and innovators. This identifies the need for continued human and capital 
‘investment’ through participation in, and collaboration and contribution to, OSS communities. OSS 
communities are consistently reported as being important sources of technical and informational support, 
through the provision of free and commercial support services, enabling use of OSS by individuals and 
organisations (Giera 2004; Overby et al. 2006; Wang and Wang 2001).  
Web Media 
‘Web media’ is the fifth factor illustrated in Figure 3, operationalised as superior influences of the web as a 
source and medium of information relevant to the development and distribution of OSS. For instance, one 
manager noted, “realistically, Internet based information is where most information is going to come from; most 
people that are interested in OSS get most of their information from the Internet” (C03, 2007-11-28). However, 
other evidence suggests that there might be limitations in the availability of OSS documentation: “its very often, 
installation or compilation instructions are very brief or non-existent. The more widely supported and more 
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widely used things like MySQL, like OpenOffice are pretty well documented” (C06, 2007-11-21). This statement 
highlights the diversity of quality and availability of software support and documentation for OSS.  
Web media are a source of OSS products and documentation, and the common platform for interaction between 
OSS users and developers who use, develop and maintain OSS and its supporting communities. Studies also 
suggests that ‘web media’ is an important adoption enabler and represents a primary domain for the OSS 
products, information and services provided by OSS projects and communities (Giera 2004; Overby et al. 2006; 
Yamauchi et al. 2000). Thus, web media, in terms of content and services, is an important factor in the adoption 
of OSS and may be the backbone for the global, diverse and dynamic OSS phenomenon. This factor fits as a 
secondary source of information; this means it is a superior influence factor, and its context has a positive 
influence on the normative beliefs of decision makers related to the use of OSS. Similarly, this influence 
positively contributes to intention to use. 
Innovativeness 
The sixth factor is innovativeness in the forms of open-mindedness, creativity and self-motivation. These forms 
of innovativeness fit with the self-efficacy feature of confidence, leading us to operationalise this factor as the 
confidence (in terms of open-mindedness, creativity, and self-motivation) of an individual to use OSS. One 
context of this factor, as experienced by one SME manager is that, “the major skill is the ability to go out and 
find things that solve your problem” (C09, 2007-11-23). Innovativeness in the forms of creativeness and 
freedom of choice in using OSS are, we believe, partly enabled by the flexibility of public and royalty-free 
licensing of OSS; these features allow everyone equal opportunity to use, modify and re-design OSS 
applications and source-code in their own ways.  
In the contexts discussed, and the illustration in Figure 3, innovativeness is a self-efficacy construct that has a 
positive influence on control over use of OSS, and this positively contributes to the intention to use. SMEs are 
often seen as innovative organisations (Gelinas and Bigras 2004; Martin 2005; Taylor and Murphy 2004), and 
this willingness and confidence to innovate encourages decision makers within them to consider the 
technological, legal and business factors relevant to their adoption of OSS (Holck et al. 2004).  
Capital Investment 
Capital investment is the seventh illustrative factor; it was identified as a resource facilitating condition and 
operationalised as the money and staff-time resources needed to facilitate the use of OSS. In these contexts, one 
manager noted, “if you don't have [the]expertise yourself or the time to develop that expertise, then you need to 
hire-in” (C01, 2007-10-25). We believe that capital investment is relevant for providing adequate computing 
and 'network infrastructure' to support communication and other business activities. Studies have consistently 
shown money to be an essential resource for the development of IT capability, achieved through hiring-in or 
training staff to support ICT adoption in SMEs (Houghton et al. 2001; Taylor and Murphy 2004), and through 
consultancy on OSS product assessment, configuration, integration and maintenance (Holck et al. 2004; Kumar 
and Krishnan 2005).  
Open Source Software Adoption in SMEs  
17 
Time was also identified as being essential for developing OSS expertise and managing the transition to new 
OSS platforms: “Often there is a little bit more involved on a Linux side in understanding what goes on [...] it is 
a bit more difficult to, for example, set-up a web server on Linux, [and] to administer firewall” (C08, 2007-11-
13). As an essential facilitating condition, capital investment has a positive influence on control over the use of 
OSS and this positively contributes to the intention to use.  
Internet Infrastructure 
The last illustrative factor in Figure 3, internet infrastructure, was identified as a technology facilitating 
condition operationalised as Internet-connectivity and -bandwidth facilitating the use of OSS. This factor is 
consistent with the earlier discussion of web media. Many participants noted the need for adequate networking 
infrastructure to support low- and high-bandwidth activities, including email, instant messaging and forum 
services and support, which may be unavailable as standard across all Internet service providers. For instance, 
one manager stated that, “I would never have started using it [a specific piece of OSS] actively if it wasn't for 
the Internet because I won't have been able to get a copy of it. Um so yeah, without the Internet, I don't think 
OSS could exist in its current form” (C03, 2007-11-28). As suggested in the discussion on 'capital investment', 
providing staff with adequate Internet infrastructure may require investment in network-services. However, 
depending on the scale of network bandwidth requirements, quality of service, availability of Internet service 
providers, and government legislation regarding Internet services, the required investment in Internet 
infrastructure can be subjective for staff across different work settings. 
This reinforces the view of the Internet as essential infrastructure in the contemporary information age 
(Houghton et al. 2001; Kuan and Chau 2001; Martin 2005; Mehrtens et al. 2001), and reflects the importance of 
IT hardware to facilitate the use of OSS (Holck et al. 2004; Larsen et al. 2004). This factor has a positive 
influence on control over the use of OSS and also contributes to intentions to use. Managers in SMEs may need 
to consider the availability of relevant IT infrastructure including Internet-connectivity and -bandwidth in their 
adoption of OSS.  
The DTPB posits that a lack of facilitating conditions can inhibit actual use. In the context of SME adoption of 
OSS, a consideration of essential resources and technology compatibility issues is particularly important 
because, as illustrated in Figure 3, a lack of facilitating conditions (such as capital investment and Internet 
infrastructure) can inhibit OSS adoption. While managers and other decision-makers are generally concerned 
about the investment of scarce resources for ICT adoption (Glynn et al. 2005; Kwan and West 2005), including 
access to suitable network-bandwidth and the quality of Internet services, having suitable infrastructure is likely 
to specifically influence the success or failure of their use of OSS. 
Non-adoption 
Interestingly, the analysis of data from case C07 suggests there may be issues common to the adoption of OSS 
and closed-source software; these issues provided insight into the non-adoption of OSS in case C07. For 
example, the participant in case C07 said that: “we are basically a MS partner, so we can get good deals with 
that” (C07, 2007-10)-25. This experience corresponds to an economic benefit of license cost-saving as a result 
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of the 'good deals' received from the software vendor. Another example is that connectivity to a support 
community was also relevant in case C07, and the participant noted: “there's a Microsoft Development Network 
[...] There are forums which people can give suggestion to MS and stuff like that really” (C07, 2007-10-25). 
This view highlights the need for Internet infrastructure and web media for connecting to, and participating in, 
the relevant internet community (the MSDN). These views suggests that license 'deals' and access to the support 
community (via web media and using internet infrastructure) contributed to the non-adoption of OSS in case 07.  
Implications for Research and Practice 
The theory-grounded framework for understanding factors that influence the adoption of OSS in SMEs has two 
important implications. First, the framework provides a frame of reference (Agarwal 2000) for understanding 
factors and their influence on the adoption of OSS. For instance, researchers may find the operational definitions 
of the theoretical constructs and the illustrative factors useful as theory-grounded analysis tools for 
understanding and explaining factors influencing the adoption of OSS. Second, the generalisability of the 
framework makes it directly usable for undertaking a critical and comparative analysis to validate and better 
understand factors and their influence on OSS adoption. One example in this context is the operational 
definitions; the features of the factors and the associated theoretical constructs illustrated could be used in 
developing hypotheses and propositions to validate the roles and the interrelationships between these concepts. 
In our experience, a lack of well-defined factors and theoretical concepts has been a problematic issue in 
conducting comparative analysis of factors to validate empirical findings. Another example is that the factors’ 
features could be applied in developing measures of the factors influencing the adoption of OSS. 
From a practice perspective, there are three immediate implications. First, the framework provides a frame of 
reference for practitioners seeking to develop deep insight (Agarwal 2000) and common understanding of 
factors that influence OSS adoption. This is consistent with the view that frameworks are useful for evaluators 
and practitioners seeking to model the adoption of OSS (see, for example, the discussions in Benbasat and 
Moore 1992; and Dedrick and West 2003).  
Second, owing to the strong exploratory and explanatory capability of the underlying theory (the DTPB), the 
framework allows the development of a broad view of, and insights into, the factors influencing the adoption of 
OSS in SMEs. The framework is directly usable and therefore has a strong practical relevance (see, for 
discussion, Agarwal 2000; and Benbasat and Zmud 1999); managers and other practitioners could apply the 
framework to better identify and understand diverse contexts of attitudinal, normative and controllability factors 
and to target situation-specific factors in their adoption of OSS.  
Thirdly, the framework provides strong justification for courses of action (Benbasat and Moore 1992; Dedrick 
and West 2003) in the adoption of OSS. For example, managers and other decision-makers could use the 
arguments and empirical insights about influencing factors, such as license cost-saving, functionality and 
innovativeness, as justification for considering OSS as a viable IT solution, and for raising staff awareness about 
the benefits, challenges and business opportunities arising from the use of OSS. This would encourage the 
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evaluation of situation-specific factors that might play a part in the attitudes towards the use of OSS and the 
investment of human and capital resources. 
Finally, the value of the underpinning theory merits comment. The use of the DTPB in the study, the diverse 
factors identified and the strong explanations derived show that the DTPB is well-suited to exploring and 
understanding factors and explaining their influence on the adoption of OSS by SMEs. Many studies have 
applied the pure TPB and the DTPB and achieved useful research findings (see, for example, Benbasat and 
Zmud 1999; Liker and Sindi 1997; Shih and Fang 2004; Taylor and Todd 1995a,b; Venkatesh et al. 2003), and 
the introduction of the DTPB to the area of OSS adoption –we believe this study to be among the first – extends 
the scope of ICT adoption models and theories applicable to the study of OSS adoption. 
Limitations and Future Research 
A limitation of this study stems from the use of maturing qualitative research methodologies (Eisenhardt 1989). 
This is relevant to the quality of the research design, the rigour in the data collection (including managing the 
high volume of qualitative data), the data analysis and the credibility of the findings. These issues may explain 
unseen participant- and researcher-bias in the data analysis, leading to less-than-perfect understanding of 
alternative, corroborating or opposing information and insights related to influencing factors. In order to 
minimize the effects of this limitation, we applied recommended measures including using a case study database 
and protocol to maintain an audit trail of case data and analysis processes (Lincoln and Guba 1985; Patton 
1999). In so doing, we are confident that the applied research methods are credible, and the analysis and related 
findings are acceptably valid and relevant to the research problem and objectives set-out in the paper. 
Despite our confidence in the methods and findings, we acknowledge that the research area of OSS adoption is 
relatively new and the framework presented in this paper has its own limitations. First, the scope of factors 
presented in the paper is limited owing to the sample of workplace setting (SMEs in the IT industry), the 
heterogeneity of the observed OSS applications and their areas of use, and the number of study cases. We 
acknowledge that other influencing factors – such as user legal rights, unnecessary fears, and risk expectancy 
(Overby et al. 2006; Wheeler 2007); government IT policies, vendor support, and industry monopoly (Lin 2006; 
Mindel et al. 2007; Wheeler 2007); and product knowledge and internal resources (Dedrick and West 2003; 
Glynn et al. 2005; Overby et al. 2006) – may be prevalent in other organisations and industries. This limitation 
in the sampling scope is common to interpretive and qualitative studies (Dedrick and West 2004; Eisenhardt 
1989; Mayring 2007) and invites future research to extend the scope of factors influencing the adoption of OSS. 
Researchers undertaking such studies could apply a similar theory-building approach and exploratory research 
design, drawing on the work presented in this paper and taking advantage of the underlying theory as an 
analysis tool. 
Again common to qualitative studies, the theoretical generalisability of the framework remains to be established 
across a wide population. However, we argue that the framework has analytical generalisability owing to the 
generalisability of the DTPB (Shih and Fang 2004; Taylor and Todd 1995a,b; Venkatesh et al. 2003) and the 
use of a theory-building approach in identifying/developing the influencing factors. Future research may seek to 
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ascertain the theoretical generalisability of the framework using a confirmatory study that tests the validity and 
reliability of the framework across a wider population of OSS adopters – either limited to SMEs or for other 
organisational types. Such tests may provide decision-makers and researchers with useful benchmarks about 
theoretical constructs and factors which may be closely related to the success and failure of the adoption of OSS. 
The tests could yield useful insights into the roles and influence of the theoretical constructs and influencing 
factors. For example, the tests could seek to explore: (1) whether the framework might be adequately valid and 
reliable for predicting adoption of OSS; (2) what theoretical constructs might be most relevant in understanding 
the adoption of OSS; (3) which factors might be significant in the adoption of OSS; and (4) whether the 
influence of the benefits and challenges of using OSS are significant enough to attract the interests of new 
adopters, stimulating a broader scale adoption of OSS. The questions could be posed for SMEs, as a direct 
extension of the work reported in this paper, and/or for other organisational types or for specific sectors of 
industry, commerce or public service.  
The study propositions for these tests would be based on the theoretical constructs and factors presented in the 
framework. For example, the following propositions from the framework could be tested in future studies: (a) 
having flexible support has a significant and positive influence on attitudes towards using OSS; (b) extensibility 
will have a significant and positive influence on attitudes towards using OSS; (c) the support community has a 
significant and positive influence on the normative beliefs of decision makers about using OSS; and (d) IT 
support has a significant and positive influence on control over the use of OSS. The outcomes of such studies 
would contribute to the accumulation of valid and reliable measures and scales for evaluating theoretical 
concepts and factors influencing the adoption of OSS.  
Conclusions 
This paper has presented a theory-grounded framework that is of value in helping to better explore, explain and 
understand the adoption of OSS in SMEs. The lack of valid factors and reliable theories that enable better 
exploration and understanding of factors and their influence on OSS adoption by SMEs was discussed, leading 
to the proposal and justification of a theory-grounded approach to addressing this research gap. We selected and 
operationalised the DTPB for this purpose and presented our research methodology, discussing the key reasons 
for applying an exploratory, qualitative, multiple case study research design. The analysis of data that led to the 
identification of empirical factors and the development of a framework of OSS adoption in SMEs was also 
discussed. The analysis of data has led to the identification of feature-rich factors and the development of, we 
argue, a valid and generalisable framework of OSS adoption in SMEs that we contend is useful for research and 
practice. Other implications of the framework were also discussed from research and practice perspectives, 
before noting its limitations and making suggestions for future research to extend its analytical capabilities and 
validate its generalisability across a broader population of OSS adopters. 
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